SUMMARY The time constant (T) of left ventricular pressure fall is widely used as an index of ventricular "relaxation". It is not known whether its rate limiting step is deactivation, an enzymic energy consuming reaction whose rate is therefore sensitive to temperature, or elastic recoil. To distinguish between these possibilities, the time constant was measured by simple logarithmic (Tlog) and exponential (Texp) 
The relatively small effect oftemperature on Tlog in humans, associated with a considerable load sensitivity appearing under hypothermic conditions, does not favour simple dependence on *deactivation as the rate limiting step of left ventricular pressure fall, but suggests that its determinants may be complex.
Though the time constant (T) of left ventricular pressure fall during isovolumic relaxation is widely used as an index of ventricular relaxation and of diastolic function,'" underlying mechanisms in humans have not been defined in detail. Since it depends on events occurring before mitral valve opening, it is not directly affected by left ventricular filling, and is thus likely to reflect either the rate of termination of the active state within the myocardium-that is deactivation-or elastic restoring forces, possibly accompanied by a change in left ventricular cavity shape. Ventricular deactivation is a process requiring energy and so its rate is temperature sensitive.4" When cardiopulmonary bypass is initiated before coronary artery surgery the heart is cooled; this provides an opportunity to assess the effect of temperature on early diastole. We therefore Requests for reprints to Dr Derek G Gibson, Cardiac Department, Brompton Hospital, London SW3 HP.
Accepted for publication 10 January 1989 aimed to determine how myocardial temperature changes affected the time course of left ventricular pressure fall to help to understand clinical disturbances seen in humans.
Patients and methods
We studied eleven men and one woman (aged 42-65) undergoing coronary artery surgery for relief of angina pectoris. We excluded those with unstable angina, clinically significant left main stem stenosis, associated valve disease, or impaired left ventricular function (ejection fraction < 50%). The resting preoperative electrocardiogram was normal in eight and showed inferior Q waves in four. At operation, between two and five grafts were attached. The protocol was approved by the ethics committee ofthe National Heart and Chest Hospital, with the requirement that data collection should be complete within 30 minutes. All patients gave witnessed informed consent and there were no complications.
ANAESTHETIC TECHNIQUE
All patients were premedicated with papaveretum 10-20 mg and hyoscine 0-2-0-4 mg. The A second problem in calculating T is to define the time of mitral valve opening. We used the simple f relaxation is criterion of taking the time when left ventricular during diastole pressure was 5 mm Hg above end diastolic pressure. determines its Other criteria have been used, including arbitrary ms in interpret-points on the pressure curve, at"6 or above'5 7 18 the Lt definitions. In end diastolic pressure of the previous beat, pressure " has been used crossover,7 or the time of mitral valve opening ,entricular wall determined by angiography2 or echocardiography." en a return to In patients with ventricular disease, when left atrial only are these pressure is significantly raised, the isovolumic relaxaiatible, but they tion time may be short or even zero,"' which three phases of invalidates the basis on which time constant is hanism of ven-calculated. y understood, it Haemodynamic influences on T have been extenf these various sively studied. It is generally agreed that T shortens as the heart rate increases,'25 but the effect of arterial pressure is variable, with some studies reporting a lengthening of T as systolic pressure increases6 17 20 and others no change.52"22 Any influence of filling pressure'7 is probably indirect and due to its effect on arterial pressure.'5 The use of different anaesthetic agents has been invoked as a cause ofthese discordant experimental results.'7 Isoflurane is known to cause vasodilatation, depress contractility, and possibly to inhibit slow calcium channels23; but it seems unlikely that it influenced our results to any significant extent since the level ofanaesthesia was maintained constant throughout the procedure. If T does indeed reflect early diastolic processes, therefore, it is likely to be load dependent,'224 so that in the present study we matched values of arterial and left atrial pressures at different temperatures in individual patients.
The rate limiting step of left ventricular pressure fall in humans is still uncertain. During isovolumic relaxation, it presumably reflects the effects either of deactivation or of elastic restoring forces, though their relative preponderance has not been established. Decay of the active state is associated with calcium uptake into the sarcoplasmic reticulum. Because this is an enzymic process requiring energy,'5 its rate will be very sensitive to temperaturevalues of 17% per degree centigrade in the rate of tension fall in isolated myocardium have been shown experimentally in the range 28-33C.2' Altematively, restoring forces' residing in elastic elements within the myocardium and energised during the previous systole may determine the time course of left ventricular pressure fall. The effect of temperature on this mechanism would be significantly less than that on an enzymic process, although not absent altogether, because viscosity changes with temperature. 29 Cooling the myocardium during cardiopulmonary bypass provides an excellent opportunity to investigate these possibilities in humans within a temperature range of approximately 7°C. Clearly, normal hearts cannot be studied in this way, but we selected patients with normal ventricular function judged in terms of ejection fraction and regional systolic and diastolic wall motion. per degree Centigrade. However, not only was this effect considerably less than that seen experimentally on the rate of tension decline, but, moreover, may actually be an overestimate. There was a consistent fall in heart rate in our patients, which would be expected per se to lengthen T, irrespective of any change in temperature. Although we were able to eliminate any overall dependence on heart rate in our patients, the possibility of an intrapatient effect remains. From the data of Thompson et al,' this fall in heart rate would be expected to increase Tlog by approximately 4 ms, or 10% of the total change between 38 and 32°C. Decreased catecholamine secretion,30 and any direct effect of temperature on ventricular activation might also have been expected to prolong T indirectly. Finally, as we have briefly reported elsewhere," values of T become very sensitive to arterial and venous pressure at temperatures below 34°C. This means that the effect of temperature itself becomes load dependent, being even further diminished as arterial pressure rises.
We conclude, therefore, that although the time constant of left ventricular pressure fall is prolonged with cooling in humans, the basis of this effect is complex. Its extent is considerably less than that in the rate of tension decline in isolated myocardium,2 although the size of this discrepancy is difficult to quantify because load dependence develops in humans below 34'C. The results suggest that the rate of deactivation is not the only, or even a dominant, cause of the rate of pressure fall in man, and that underlying mechanisms are complex and multiple. We feel that it may be unwise to ascribe variation of the time constant of pressure fall in all circumstances to changes in any single entity, particularly one so loosely defined as "relaxation". RAL was supported by a grant from the New Zealand Heart Foundation.
